Summary: By measuring levels of noradrenaline (NA) and its major metabolite, 3-methoxy-4-hydroxyphenylethyleneglycol sulfate (MHPG-SO4), we investigated the effects of morphine on hypothalamic noradrenergic neurons in stressed or non-stressed states in male rats. Subcutaneous administration of morphine at 3 mg/kg and 6 mg/kg reduced NA level and elevated MHPG-SO4 level in the hypothalamus in a dose-dependent manner and these effects of morphine were completely abolished by pretreatment with naloxone at 0.5 mg/kg and 5 mg/kg (s.c.).
Introduction
By simultaneously measuring levels of noradrenaline (NA) and its major metabolite, 3-methoxy-4-hydroxyphenylethyleneglycol sulfate (MHPG-SO4) (Schanberg et al. 1968a (Schanberg et al. , 1968b which is considered a useful in assossing NA turnover in rat brain (Meek and Neff, 1973; Kohno et al. 1981) , we reported that immobilization stress increases NA turnover in specific brain areas in rats including the hypothalamus, amygdala, thalamus, hippocampus, cerebral cortex and pons plus medulla oblongata (Tanaka et al. 1982) . Among these regions, the most rapid and marked increase in NA turnover is observed in the hypothalamus.
Further, we noted that increased NA turnover in the hypothalamus by stress is enhanced by pretreatment with an opiate antagonist, naloxone 5 mg/kg, and suggested that endogenous o pioid peptides in the hypothalamus might be partially involved in the stress process by attenuating the increase in NA turnover induced by stress (Tanaka et al. 1981) .
However, there are an increasing num- at 6 mg/kg were completely reversed by pretreatment with both doses of naloxone, 0.5 mg/kg and 5 mg/kg.
Morphine 6 mg/ kg significantly but partially reversed both NA reduction and MHPG-SO4 elevation induced by stress. Both doses of naloxone almost completely abolished the attenuating effect of morphine on increased MHPG-SO4 level induced by stress and tended to attenuate the drug effect on reduced NA level by stress (P<0.10).
Discussion
In the present study, morphine at 3 mg/kg and 6 mg/kg reduced NA level and increased MHPG-SO4 level in the hypothalamus in a dose-dependent manner. The result is consistent with previous findings which showed that acute morphine administration in dogs and cats causes depletion of hypothalamic NA (Vogt, 1954) and that morphine increases MHPG-SO4 levels in the whole brain (Roffman et al. 1975 ) and in the hypothalamus, brain stem and cerebellum (Roffman et al. 1977 ). However, they found significant alterations in NA or MHPG-SO4 levels when much larger doses, such as 60 mg/kg or 25 mg/kg, of the drug were used compared to the present study. These higher doses have been generally employed in a majority of previous studies concerned with morphine effects on brain NA metabolism. Morphine at 81 mg/kg is toxic and lethal to approximately 33% of rats (Roff man et al. 1975) . Even though 25 mg/kg of morphine increases hypothalamic MHPG-SO4 level (Roffman et al. 1977 ), this dose is rather high and it remains a possibility that the drug effect may be secondary, that is a toxic effect. However, in the present study morphine, which was employed in very small doses, 3 mg,/kg and 6 mg/kg, common for inducing analgesia in rats (Goldstein et al. 1976; Carmody et al. 1979; Bodnar et al. 1980 an increase in M HPG-SO4 in the hypothalamus and the result confirms our previous reports (Tanaka et al. 1981 (Tanaka et al. , 1982 . The stress-induced enhancement of hypothalamic NA turnover was partially revfsed by pretreatment with morphine at 3 mg/kg and 6 mg/kg; both stress-induced reduction of NA and elevation of M HPG-SO4 were significantly attenuated by morphine at 3 mg/kg and 6 mg/kg. This suggests that morphine acts to attenuate increased NA turnover in the hypothalamus by stress. The finding further supports our previous suggestion that endogenous opioids in the hypothalamus may be partially involved in the stress process by attenuating the increase in NA turnover induced by stress.
Morphine-induced attenuation of stressinduced increase in hypothalamic M HPG-SO4 level was also almost completely reversed by pretreatment with both doses of naloxone, 0.5 mg/kg and 5 mg/kg.
However, attenuation of stress-induced NA reduction by morphine tended to be reversed by both doses of naloxone but was not statistically significant (P<0.10). This is probably due to the inhibitory effect of naloxone on catecholamine synthesis (Garcia-Sevilla et al. 1978) . Since morphine alone is reported to facilitate NA syntheses (Clouet et al. 1970) , the change in NA contents when morphine and naloxone are administered simultaneously appears to be complicated.
Despite these actions of the drugs, the findings suggest that morphine attenuates the stress-induced increase in hypothalamic NA turnover and that the effect also occurs via opiate receptors.
The present study demonstrated that the effect of morphine on hypothalamic noradrenergic neurons is quite different, depending on the situation of the rats. Morphine enhances hypothalamic NA turnover in the non-stressed state but attenuates increased NA turnover in the stressed state. This suggests that morphine oppositely affects the function mediated or modulated by the noradrenergic system in the hypothalamus, depending on the animal's situation. Redmond et al. (1979) reported that a brain noradrenergic system might be involved in anxiety in the monkey. Morphine relieves the distress associated with pain but may sometimes produce an unpleasant dysphoria, mild anxiety or fear in painfree individuals (Seiden and Dykstra, 1977) . Taken together with our findings, the discrepancy of the morphine effect might well be explained by different actions of morphine on the noradrenergic system, depending on the situations, i.e.; facilitation of the noradrenergic system when non-stressed, which leads to unpleasant dysphoria, mild anxiety or fear, and inhibition when stressed, which leads to relief of distress and pain.
From the present results, it must be emphasized that the greatest care should be exercised when behavioral or neurochemical findings of morphine obtained in stressed animals are interpreted and compared to neurochemical findings of the drug obtained in non-stressed animals. In particular, one requires caution in the study of anlagesia, since animals are often exposed to stressful situations.
The present study further supports the suggestion that hypothalamic opioid systems in rats are partially involved in the stress process by attenuating increased NA turnover by stress and that this attenuation may be closely related to the relief of fear or anxiety.
